Axo-glial relations in the retina-optic nerve junction of the adult rat: freeze-fracture observations on axon membrane structure.
The axolemmal ultrastructure of nerve fibres within the retina-optic nerve junction (ROJ) from adult rats was examined by freeze-fracture electron microscopy. In the juxtaocular (proximal) region of the ROJ, all fibres are unmyelinated. The axons generally have a membrane ultrastructure similar to that of retinal nerve fibre layer axons, with a high density of intramembranous particles (IMPs) on the P-fracture face and a low density of IMPs on the E-face. However, along some axons in this region of the ROJ, localized aggregations of E-face IMPs are observed. At levels of the ROJ closer to the optic nerve proper, the unmyelinated fibres enter a transition zone in which the axons acquire myelin sheaths. By the distal boundary of the transitional zone (optic nerve proper), virtually all fibres are myelinated. Within the transitional zone, conventional axo-glial associations and axolemmal ultrastructure is present at nodes of Ranvier. In addition, atypical axo-glial relationships and atypical nodal segments are observed in this region. At some nodes, an isolated oligodendroglial process, the axolemma usually displays a paranodal-like ultrastructure. Finger-like oligodendroglial processes were also observed in association with non-nodal unmyelinated axon membrane. At these sites of association, the axon membrane tends to be indented and may have a paranodal-like morphology. Nodal axolemma may exhibit several atypical forms in the transition zone. At some nodes, the nodal axolemma has a low density of E-face particles. Also, nodes of extended linear length (approximately 2 micron) exhibit a lower-than-normal density of P-face IMPs. At heminodes, the axolemma immediately adjacent to the terminal loops lacks the usual nodal characteristics of high IMP density and high percentage of large particles. The results show that aberrant axo-glial associations accompanied by unusual ultrastructural characteristics of the axolemma are present in the ROJ of normal adult rats.